Abstract Gravity associated with postural changes has a strong bearing on haemodynamics of blood flow in arteries. Its effect on stenosed cases has not been widely investigated. In the present study, variation observed in blood flow during postural changes is investigated for different conditions like standing, sleeping and head-down position. A fluid structure interaction study is carried out for idealized normal and 75 % eccentric and concentric stenosed common carotid normal artery. The results clearly indicate the effects of altered gravity on flow conditions. It was found to be very significant during head-down position and demonstrated very high arterial blood pressure in stenosed common carotid when compared with normal carotid.
Introduction
Several studies in the recent years have made significant improvements in simulation of blood flow and has helped investigate the complex interaction of flow dynamics within cardiovascular system. The altered haemodynamics as observed in development of cardiovascular diseases such as atherosclerosis (stenosis) and aneurysms influences the development of the disease and arterial deformity and changes the regional blood rheology [1] . This typical study involving the understanding of flow parameters such as the velocity, pressure, arterial wall deformation, wall shear stress with respect to significantly simplified idealistic or patient specific models has been facilitated using computational fluid dynamics approach [2] . The cardiovascular simulations provide valuable data for doctors. Computer simulations of blood flow in arteries and veins can enhance information from imaging devices and can be of help to doctors in making better individualized treatment decisions [3] .
Humans perform several daily tasks such as sleeping, standing, jumping and therefore postural changes are expected to a have a profound effect on the cardiovascular system and other body fluids. Generally, the blood pressure within the blood vessels has three basic components, (1) the mean systemic filling pressure, which is related to the volume of blood flow in the vessel and the vessel wall properties, (2) the dynamic pressure: related to the velocity of the blood flow and the resistance offered for the flow by the blood vessels and (3) the hydrostatic pressure, which is related to gravity and referred as qgh, where q is fluid density, g is the acceleration due gravity and h is the height of the hydrostatic column [4] . The height of the column of blood is always referred at the level of the heart. Within the vascular system the total pressure in a given blood vessel is equal to both the dynamic pressure supplied by the left ventricle of the heart and the hydrostatic pressure.
Initially, clinicians were interested in investigating and understanding the changes observed in blood flow regulation noticed during different postures. The impact of postural change is mainly observed in head and neck region and lower limbs. With the carotid, cerebral and facial arteries as main focus, the posture changes were tried with 10 0 head-down tilt, standing and supine positions [5] . They observed that blood flow velocity was found to vary immediately, but regulated to a steady-state within a few minutes, whereas during the same time, areas of the face were not regulated. In one such study, [6] explored the blood pressure and blood flow variation during the postural change from sitting to standing using a mathematical model. This model utilized 11 compartments to predict the dynamic changes of the arterial blood pressure and several other haemodynamic parameters were also studied using the same model. They used two types of control mechanisms: autonomic regulation and auto-regulation. The effects of gravity on venous blood pooling during the postural change was described by a physiology based submodel, one dimensional model.
Similarly, [7] developed a baroreflex model combined with a lumped-parameter model of the circulation. Gravity was introduced into the model as the formulation of the hydrostatic column. During the first 5 s after head-up tilt (HUT) and tilt back, the direct effect of gravity on the pulmonary circulation was found to influence the blood pressure (BP) response, and the response to HUT was mainly determined by the response of the venous system. In an important work [8] , five healthy normal male volunteers were investigated by subjecting them to passive postural changes in supine, 90°head-down-tilt (HDT) and 90°head-up-tilt (HUT). The maximum velocity especially in brachial and femoral increased when changing the posture from supine to HDT and decreased by supine to HUT posture due to the effect of venous pressure.
Experimental investigations fail to provide detailed understanding of flow behavior. In order to explore detailed physics of flow, numerical investigations are required. In one such study involving posture, [9] developed a numerical model of the cardiovascular system to quantify the influences on cardiac function of intrathoracic pressure and intravascular and intraventricular hydrostatic pressure. The changes in intrathoracic pressure and the effects of hydrostatic pressure are simulated in supine, sitting, and standing postures for 0, 1, and 1.8 G. Increasing intrathoracic pressure experienced with increasing gravity caused 12 and 14 % decreases in cardiac output for 1 and 1.8 G supine, respectively, when compared to 0 G. Apart from conventional clinical and analytical methods to demonstrate the influence of gravity on blood flow, numerical investigations on patient specific carotid bifurcation and circle of Willis under altered gravity conditions were investigated [10] . Significant effects on arterial wall deformation and consequent changes in flow conditions were demonstrated through transient numerical FSI solution during different postures such as supine, hand standing and standing under auto-regulation. Numerically developed cerebral vasculature, simulates the conditions of G force in blockage of ICA and its effect on cerebral circulation [11] . The modified vasculature of the whole body is developed to obtain the realistic simulation of blood flow under different conditions, and the governing equations were solved by Lax-Wendroff and MacCormack methods. Considerable physiological changes in blood flow in the systemic and cerebral vasculature was observed through the realistic simulation results under the influence of gravitational conditions.
Despite, several experimental studies, there is a need to quantify several flow parameters and understand the posture dynamics acted upon due to change in gravity. This could be accomplished by using the numerical techniques and co-relate the findings with FSI simulations. None of the previous studies have adopted FSI method to study the postural influences. To the best information, no studies are available which can help to understand the effect of postural changes in cases where the arteries have severe stenosis. Thus, in this study the variation in the flow behavior observed during change of posture such as sleeping, standing and head-down position are investigated. The idealistic common carotid artery is simulated numerically for physiological conditions using FSI. To understand the significance of stenosis during postural changes, eccentric and concentric 75 % stenosis is also simulated numerically. Finally, the obtained results of different postures such as sleeping, standing and head-down position in normal, eccentric and concentric stenosed conditions are compared.
Methodology and analysis

Governing equations
In the present study, the blood flow in carotid artery is assumed be to Newtonian, laminar, incompressible and governed by the Navier-Stokes equations of incompressible flows [12] . As discussed in [2, 3] , the modified momentum equation is adopted in addition to continuity equation as shown in Eq. 1.
where q is the density, s is the stress tensor, t is the velocity vector, t b is the grid velocity, P is the pressure, b i is the body force at time t. Although the arterial wall shows nonlinear behavior, in the present investigation the artery wall is assumed to be elastic, isotropic, incompressible and homogeneous [13] . The structural solution considering the transient behavior is described by the Eq. 2 [3] where the stiffness matrix is updated in each time step using Newmark method and solved using direct solver for every time step [2] .
where M is the structural mass matrix, C is the structural damping matrix, K is structural stiffness matrix, F a is the applied load vector € U; _ U and U represents acceleration, velocity and displacement vector [2, 14] .
FSI algorithm
The two-way sequentially coupled transient FSI analysis is performed using FSI solver in ANSYS 13.0, a commercially available numerical simulation software. FSI solver solves fluid and solid domain separately using ANSYS CFX and ANSYS MECHANICAL respectively as shown in the Fig. 1 . The pressure loads from initial ANSYS CFX solution is transferred to the solid domain through FSI interface and later ANSYS structural domain is solved. Further details of FSI solver are described in detail as observed in [2, 14] .
In this study, the idealized normal and stenosed common carotid artery is simulated to investigate the significance of change in flow behavior during different postures. The normal carotid FSI model has a diameter of 6 mm, wall thickness of 0.8 mm and length of 100 mm as shown in the Fig. 2a [15] . A simplified eccentric and concentric 75 % stenosis having a plaque length of 12 mm is included at a distance of 25 mm from the inlet for the same length, diameter and wall thickness as that of normal carotid FSI model (Fig. 2b , c. Usually stenosis above 70 % is considered to be critical as per the clinical observations due to significant flow resistance, increased pressure gradient and complex turbulence [16, 17] . The FSI model of normal and stenosed carotids comprising of both fluid and structural model, generated in the CATIA V5R19.0 are exported to ANSYS WORKBENCH for hexahedral meshing.
Further, FSI simulation is carried out by coupling the ANSYS CFX and ANSYS STRUCTURE. Grid independency study is carried out for normal and stenosed carotids under steady state condition for peak systolic velocity. The grid size of FSI normal and stenosed carotids is shown in the Table 1 . At inlet and outlet of the fluid model, time varying pulsatile periodic velocity and pressure is applied as the boundary conditions. In the structural model, both inlet and outlet is fixed in all the directions and rest of the nodes are allowed to get displaced in any direction. The pressure pulse in the carotid artery is approximately 110-120/70-80 mmHg for a healthy person as observed clinically [18] . Considering the peripheral resistance offered by the arteries in downstream end, pulsatile pressure waveform is applied at the outlet as shown in the Fig. 3 [19, 20] . The velocity waveform obtained through Ultrasound Carotid Doppler from a healthy young volunteer is applied as the periodic pulsatile velocity waveform at the inlet (Fig. 4 ) [13, 15] . In the present study, the haemodynamics in normal, eccentric and concentric stenosed carotid artery is investigated for the three conditions such as supine, standing and head-down positions. Hence, the inlet velocity and outlet pressure has to be applied considering the physiological conditions during the change of posture.
Since the carotid artery is above the heart level, in standing posture, the blood flow will be against gravity, in head-down posture, the gravity aids the blood flow and in supine case, effect of gravity will be negligible [10] . Therefore, in supine position, effect of gravity is nil, while in standing and head down position, 1G force is applied in downwards from head and -1G is applied towards the head respectively and normalized pulsatile velocity wave form applied at inlet for different postures is shown in the Fig. 4 . In the head down position, as gravity aids the blood flow in the head and neck region, flow pressure is highest followed by supine and standing postures. Since the brain requires constant flow for its functioning, irrespective of the body posture, constant flow to brain is maintained due to autocerebral regulation. The brain requires constant flow for its functioning irrespective of body posture, and this is ensured by auto-regulation of blood flow occurring at the cerebral level (small arteries supplying the brain) which reflects as pressure and velocity changes in the carotid system. Therefore, the carotid artery dilates during standing and constricts during head down position to allow constant flow [11, 21] .
Even though the stenosis geometry is relatively simple, at the throat site during peak systole there is a significant increase in the complexity of the flow especially during head-down position as the maximum Reynolds number reaches 3,000 [22, 23] . Thus, the laminar flow is adopted in normal carotid, while k-x turbulence model with medium intensity factor is prescribed for eccentric and concentric stenosed carotid for all the postures during transient twoway sequentially coupled FSI analysis. The density and viscosity of fluid is assumed to be 1060 kg/m 3 and 0.004 Pas, while the elastic modulus of arterial wall is considered as 5 9 10 5 Pa, poisson ratio of 0.48 and density, 1,200 kg/m 3 [15, 24] . The entire simulation is carried out for 5 pulse cycles and each pulse cycle of 0.8 s is divided into 250 time steps. The results obtained in the last pulse cycle are investigated and compared. In fact, the actual physiology is quite complex during the transition 
Results and analysis
The results obtained in normal, eccentric and concentric carotid are compared based on the changes observed in the haemodynamic parameters such as pressure, wall shear stress, and arterial wall deformation during head-down, sleeping and standing postures. The results obtained in normal, eccentric and concentric carotid are compared based on the changes observed in the haemodynamics parameters such as pressure, wall shear stress, and arterial wall deformation during different postures such as headdown, sleeping and standing. The changes in flow behavior are studied during change of posture from sleeping to standing and from sleeping to head-down position with sleeping position as reference. Thus, the variation observed in flow parameters during change of posture is shown in the Table 2 ; Figs. 5 and 6. The values shown in the table are chosen during peak systole within the fluid/structural models. There is a decrease in flow variables during change of posture from sleeping to standing, while there is an increase from sleeping to head-down position. It is observed from the Table 2 , that there is a significant rise in the flow behavior during change of posture from sleeping to head-down in contrast from sleeping to standing. Also, when compared with the normal carotid, the flow variables experience a sudden increase in case of stenosed carotid condition. Even in the stenosed carotid, the eccentric stenosed carotid condition has slightly higher variation when compared with the concentric stenosed condition. This observation is supported when flow parameters are compared in terms of percentage variation during change of postures in normal and stenosed carotid cases. The minor difference in flow parameters is observed in eccentric and concentric stenosed conditions during change of posture from sleeping to standing as observed in Fig. 5 and sleeping to head-down position as observed in Fig. 6 . Further, the detailed discussion of changes observed in each parameter behavior is provided in subsequent sections.
Velocity
The velocity contours demonstrate the significance of changes in flow behavior during peak systole for different A noticeable difference is observed in velocity pattern in stenosed carotids when compared with the normal carotid by instant increase in velocity at the throat followed by disturbed flow in downstream of stenosis as observed in the Figs. 8 and 9 . The flow separation and recirculation occurs in distal side of the stenosis due to decrease in pressure as flow expands and no-slip condition on the boundary surface results in endothelial damage and thrombosis formation and will further increase the severity of stenosis [15, 25] . This behavior is observed to be highly complex in eccentric stenosed carotid when compared with concentric stenosed carotid leading to formation of eddies near throat region in distal side. This physiological phenomenon will seriously damage the vessel wall and worsen the stenosis condition [26, 27] . At the closed recirculation zone, it is more prone to increase the red cell damage and thrombosis formation and will further increase the severity of stenosis. The turbulence in downstream end next to throat region will cause the endothelial damage and may induce the further plaque formation or lead to plaque rupture in case of thin walled fatty plaque [28, 29] . The velocity jet in eccentric case extends to longer distance as compared with the concentric case during peak systole and will reduce further during later part of pulse cycle [23] .
The effect of velocity jet at the throat tends to last longer for all the three postures during peak systole when compared with early systole and late diastole, since the effect of jet reduces within a few diameters in downstream of stenosis during early and later part of pulse cycle. In both eccentric and concentric stenosed carotids, there is no change in the velocity waveforms and they are found to be similar during various postures, indicating rise in the velocity with change in posture as shown in the Fig. 10 [30]. The change in velocity in normal common carotid case for different postures such as sleeping to standing, sleeping to head-down and standing to head-down agrees well with the clinical observation as observed in the Table 2 [1, 8, 10] .
However, in concentric and eccentric stenosed conditions, there is a significant increase in the velocity when compared with normal carotid condition. The velocity drops by 30 % and 24 % in stenosed and normal carotids respectively during change of posture from sleeping to 5 . Similarly, very large significant variation with velocity increasing by twice is observed during change of posture from sleeping to headdown position in stenosed carotids and 50 % increase in normal carotid as shown in the Fig. 6 . It is also observed that there is minor difference between the eccentric and concentric stenosed carotids.
Wall shear stress
The wall shear stress (WSS) profile is compared for different postures in normal carotid as shown in the Fig. 11 and in the similar lines, WSS behavior is described for concentric and eccentric stenosed carotid as shown in the Figs. 12 and 13 respectively at peak systole during different postures. This comparison of WSS indicates the differences between normal and stenosed carotid. The WSS pattern illustrates the uniform distribution of the shear stress without any flow disturbances in normal carotid, but the stress pattern will be highly complex and disturbed with non-uniform flow behavior in eccentric and concentric carotids. The increase in velocity at the stenosis leads to pressure drop and this in turn will cause the instantaneous rise in the WSS at the throat region [16] . The high shear stress at the arterial wall due to increase in velocity at the throat of stenosis shall lead to aggravation of platelet activation, thinning of fibrous cap and plaque cap rupture [31, 32] . Further, the WSS is found to be maximum at the throat region in both the eccentric and concentric carotids. The extension of flow velocity jet to longer length in distal side of stenosis in eccentric carotid allows the non-uniform distribution of WSS.
In concentric carotid, the increased velocity at the throat of stenosis influences the instantaneous rise in WSS locally without any further distribution along the distal side of stenosis [33, 34] . Therefore, eccentric stenosis is more vulnerable in inducing the plaque formation than concentric because of highly disturbed turbulent flow and sudden increase in WSS [26, 30] . The eccentric carotid has higher WSS when compared with the concentric carotid during the head down position when compared with sleeping and standing position as shown in the Fig. 14 , and the difference observed during peak systole is also shown in Table 2 . The WSS drops by more than 45 % during the change of posture from sleeping to standing in stenosed carotid, while it gradually reduces by 30 % in normal carotid (Fig. 5) . During the change of posture from sleeping to head-down position, the WSS in normal carotid condition a moderate increase by three times is observed as compared with drastic increase by more than ten times with minor difference between eccentric and concentric stenosed carotids (Fig. 6) . Hence, there is a significant increase in WSS pattern in stenosed carotid when compared with normal carotid during the change of posture during head-down when in contrast to standing position. 
Pressure
There is a remarkable change in the pressure variation in normal carotid pressure variation as shown in the Fig. 15 when compared with eccentric and concentric stenosed carotid pressure variation described in the Figs. 16 and 17 , respectively. In the stenosed common carotid, the smooth flow is obstructed at the throat of stenosis and pressures increases in upstream side of stenosis, escalating the peak pressure values. It is observed from the [6, 35] , that postural change causes blood redistribution and in turn blood pressure variation. Hence, during the change of posture, the pressure variation is found to be maximum during head-down position followed by sleeping and standing position. The pressure drops rapidly as the velocity increases at the throat of stenosis and the effect will be opposite in downstream side where the pressure increases again while the velocity drops [36] . In severe cases, the pressure drops drastically much below the external pressure leading to collapsing of blood vessel [37, 38] . This collapsible behavior mainly depends on mechanical properties of arterial wall, percentage of area reduction at the throat of stenosis and upstream flow conditions and therefore, the clinical outcome of this behavior will result in damage to the arterial wall [39] .
The pressure drop at the throat of stenosis is found to be maximum in eccentric carotid than in concentric carotid during the entire pulse cycle. The pressure contour distribution in concentric stenosed carotid is found to be core centric and extending to shorter length in contrast to eccentric stenosed carotid, where it is found to extend to longer length in downstream side from the throat end [17] . The eccentric carotid has higher pressure rise when compared with concentric case, especially during head down position, but in the rest of the postures such as sleeping and standing, the variation is similar as observed in Fig. 18 . At the peak systole, the difference in pressure during sleeping and standing position is less when compared with the eccentric and concentric stenosed common carotid. The pressure wave patterns in normal and stenosed common carotid during different postures are similar to the input pulsatile velocity waveform [13, 24] . In the normal carotid, during change of posture from sleeping to standing, the pressure drops by less than 5 %, while in stenosed carotid conditions it rises to 8 % with higher pressure rise in eccentric than in concentric stenosed carotid as observed in Figs. 5 and 6 and also from Table 2 during peak systole. During head-down position, the pressure increases by more than 20 % in normal carotid and in stenosed carotid, it increases by almost double as that during sleeping posture. There is a sudden rise in peak systolic pressure for both stenotic conditions during head-down positions according to the Table 2 ; Fig. 6 . Therefore, long spells of head-down position is unfavorable to the arteries especially in stenosed cases, as large pressures can damage the arterial wall leading to serious consequences. In normal carotid case, during various postures the difference in peak pressure is significantly less in contrast to stenosed conditions.
Wall deformation
The arterial wall deformation contours at peak systole describes the displacement behavior during different postures such as head-down, sleeping and standing. Figure 19 describes the wall deformation behavior in normal common carotid illustrating similar behavior for all three different postures with maximum deformation during headdown position followed by sleeping and standing posture. The stenotic displacement pattern is characterized by poststenotic deformation in downstream side from the throat of stenosis and the displacements are larger in the upstream side of stenosis, especially during peak systole due to the larger pressure [30, 40] .
In case of eccentric stenosed carotid, the post stenotic deformation is observed due to flow jet striking the wall in the downstream end as shown in the Fig. 20 . In concentric carotid case, the post stenotic deformation is not observed as the flow jet in downstream end of stenosis flows straight and stabilizes later in distal side as shown in the Fig. 21  [33, 40] . The post-stenotic deformation is large in headdown position and drops gradually in sleeping and standing position for eccentric and concentric stenosed carotids. The maximum wall displacement in normal carotid during sleeping position is within the 10 % of lumen diameter at peak systole, and during head-down position it increases by more than 25 %, and drops by less than 5 % during standing position according to the Figs. 5 and 6 respectively, during peak systole. This similar variation during pulse cycle is shown in the Fig. 22 . There is a noticeable shift of stenosed carotid displacement wave towards mid diastole due to large flow pressure stored in upstream when compared with normal carotid displacement wave. The peak systolic is delayed because the time required for velocity to attain its peak will be more in stenosis condition when compared with the normal cases. In addition to this, flow stabilization requires more time due to the increased pressure and flow stored in upstream of stenosis during peak systole. Therefore, the normal carotid displacement wave lags the eccentric and concentric stenosed carotid displacement wave. In stenosed carotid, the maximum displacement during peak systole increases by roughly 20 % as compared with the normal carotid during change of posture from sleeping to standing (Fig. 5) . However, there is sudden rise in wall deformation by more than 30 and 20 % during head-down position in stenosed and normal carotid conditions (Fig. 6 ). This shows that displacement pattern in eccentric stenosis is susceptible to higher plaque rupture than concentric stenosis.
Structural stress
The structural stresses developed in the arterial wall during pulse cycle are measured in terms of von Mises stress. It is known that arterial wall stress tensor has nine components and it is not possible to demonstrate the results based on individual components [41] . Hence, von Mises stress is used to illustrate the arterial wall stress behavior at time of arterial wall deformation based on equivalent energy formulation. The equivalent von Mises depicts the distortional energy in individual element in terms of all the positive defined scalar stress values and provides a final stress value [42] . The distribution of stress contours within the arterial wall models are shown by considered one half of the split model. The von Mises stress in normal and stenosed Since there is similar distribution of stress pattern within the model for various positions, von Mises stress contour for one of the posture is shown. The stresses are uniformly distributed in normal carotid without any variation, however in concentric and eccentric models; the stresses are maximum in upstream of stenosis when compared with the downstream side, in addition to considerable drop at the stenosis throat. The considerable drop indicates that the throat is subjected to compression [1, 17] . Also, the stresses variation is higher in eccentric type when compared with the concentric type as shown in the Fig. 24 . As observed in arterial wall displacement, the von Mises stress pattern in normal carotid lags with that of eccentric and concentric stenosed carotid model stress pattern. Also, flow stabilization is delayed due to the flow stored in upstream of stenosis. Haemodynamics at the throat region characterized by very low pressure, high wall shear stress and compressive structural stress all contribute to the plaque rupture [30, 43, 44] . It is also know that the increased severity (C75 %) these haemodynamic changes causes significant variation thus further inducing the plaque rupture [45] .
The maximum von Mises stress distribution during peak systole is within 5 % and less than 10 % during change of posture from sleeping to standing in normal and stenosed conditions respectively as observed in the Fig. 5 . However, the stress drops by 10 % in normal and less than 50 % in stenosed cases during posture change from sleeping to head down position as shown in the Fig. 6 . Therefore, significant increase in structural stress during head down position shall 
Conclusions
The present investigation of FSI simulation on normal and stenosed carotid demonstrates the significance of gravitational effects during different postures. During headdown position, there is large increase in haemodynamic parameters as compared to sleeping and standing positions. The flow variation observed in stenosed carotid arteries is highly complex and significant when compared with the normal carotid. Age related atherosclerosis and increasing systemic blood pressure lead to stenosis by plaque formation, which in turn, causes turbulent flow and further endothelial damage predisposing to formation of more plaques [46] . Although the head-down position is not a physiological one, considering the erect ''functional'' posture of humans, flow analysis in this position demonstrates the change in haemodynamic parameters when the blood pressure increases abruptly due to some of the pathological or psychological factors. The increased turbulence in stenosed models (eccentric and concentric type), high wall shear stress at the throat, low wall shear stress at flow separation zone, high pressure in upstream of stenosis and pressure dip at the throat region shall further complicate the atherosclerotic lesion (plaque deformation, rupture and ulceration) [16, 25, 47] .
The large fluctuation in pressure behavior observed in stenosed common carotid in contrast with normal common carotid during change of posture from sleeping to standing suggests that patients suffering from bilateral carotid occlusion (eccentric and concentric) should avoid standing posture for longer duration as it might lead to orthostatic tension (hypotension). Because in such patients there is certainly delay in the time taken and impairs the cerebral auto-regulation [48, 49] . Also with the increased age, the arteries are stiffened and influence the haemodynamic variables such as pressure drop. Patients with carotid stenosis are vulnerable to the adverse effects when standing for long hours during work [50] . Such patients should also avoid the head-down position as it escalates the peak pressure causing severe discomfort. The present simulation study helps to come out with a hypothetical model by which it is possible to predict and understand the haemodynamic changes occurring in a diseased artery, and thus the clinical outcome.
Further, in different yogic postures, implication of head position might aggravate haemodynamics for people suffering multiple/severe stenosis. Therefore, yoga postures and relevant studies are important to be evaluated in order to understand the complications associated with it. The present investigation shall be basis for future studies to understand the significant variation in flow behavior in different postures the humans adopt in day to day life. The present study shall also provide the theoretical reference for further study into the hemodynamic response of the cardiovascular system in different postures on earth or in space.
